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(57) ABSTRACT 

Aspects of the disclosure provided a method to improve per 
formance of a cleaning device to extend a usage life of the 
cleaning device. The method can include obtaining a perfor 
mance characteristic of an electrostatic brush that degrades 
operations of the electrostatic brush, determining at least one 
parameter that compensates for the degradation, and control 
ling the electrostatic brush by the at least one parameter to 
maintain the electrostatic brush operating within a failure 
boundary. 

20 Claims, 6 Drawing Sheets 
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METHOD AND APPARATUS FOR CLEANING 

This nonprovisional application claims the benefit of U.S. 
Provisional Application No. 61/035,239 “Cleaning Algo 
rithms to Compensate for Aging & RH filed on Mar. 10, 
2008, which is incorporated herein by reference in its entirety. 

BACKGROUND 

Cleaning devices, such as an electrostatic brush, elasto 
meric blade, and the like, can be used in a printing system to 
remove particles, such as residue toner particles, on a photo 
receptor Surface. Performance of a cleaning device may 
degrade with usage and over time, which may leave a Sub 
stantial amount of particles on the photoreceptor Surface. 
Further, the substantial amount of particles on the photore 
ceptor Surface may degrade printing quality. Therefore, a 
replacement cleaning device may be required to replace an 
old cleaning device after a certain usage of the old cleaning 
device to ensure quality printing. Frequent replacement of the 
cleaning devices may introduce additional maintenance cost 
and disturbance to a printing process. 

SUMMARY 

Aspects of the disclosure can provide a method to improve 
performance of a cleaning device to extenda usage life of the 
cleaning device. The method can include obtaining a perfor 
mance characteristic of an electrostatic brush that degrades 
operations of the electrostatic brush, determining at least one 
parameter that compensates for the degradation, and control 
ling the electrostatic brush by the at least one parameter to 
maintain the electrostatic brush operating within a failure 
boundary. 

Further, to obtain the performance characteristic of the 
electrostatic brush, the method can include monitoring a 
humidity of an environment. Additionally, the method can 
include monitoring a usage life of the electrostatic brush to 
obtain the performance characteristic. Specifically, the 
method can include counting a number of pages being printed 
as the usage life of the electrostatic brush. 

According to an aspect of the disclosure, the at least one 
parameter can include at least one of a rotation speed, a 
biasing Voltage and a pre-clean charging current. Therefore, 
the method can further include keeping a Substantially con 
stant number of fiber strikes as the electrostatic brushshrinks 
by increasing the rotation speed. Further, the method can 
include increasing the pre-clean charging current for a high 
humidity. Moreover, the method can include decreasing the 
biasing Voltage for at least one of a new electrostatic brush 
and a high humidity. 

Additionally, the method can include increasing the bias 
ing Voltage for an old electrostatic brush, and not exceeding a 
threshold biasing Voltage to avoid a Substantial leakage cur 
rent. 

Aspects of the disclosure can also provide an apparatus for 
cleaning. The apparatus can include an electrostatic brush 
configured to remove toner particles from a Surface of a 
photoreceptor, a performance characteristic monitor config 
ured to monitor a performance characteristic of the electro 
static brush that degrades operations of the electrostatic 
brush, and a controller coupled to the electrostatic brush and 
the performance characteristic monitor, the controller being 
configured to modify at least one parameter of the electro 
static brush according to the monitored performance charac 
teristic to maintain the electrostatic brush operating within a 
failure boundary. 
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2 
Additionally, aspects of the disclosure can provide a print 

ing system. The printing system can include a photoreceptor 
configured to Support toner particles to create a toner image 
on a surface of the photoreceptor, an electrostatic brush con 
figured to remove residue toner particles from the surface of 
the photoreceptor, a performance characteristic monitor con 
figured to monitor a performance characteristic of the elec 
trostatic brush that degrades operations of the electrostatic 
brush, and a controller coupled to the electrostatic brush and 
the performance characteristic monitor, the controller being 
configured to modify at least one parameter of the electro 
static brush according to the monitored performance charac 
teristic to maintain the electrostatic brush working within a 
failure boundary. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a schematic elevational view of an exemplary 
printing system; 

FIG. 2 shows a schematic of an exemplary cleaning sys 
tem; 

FIG.3 shows an exemplary plot of optimum biasing volt 
ages corresponding to various performance characteristics of 
a cleaning System; 

FIG. 4 shows an exemplary plot of optimum rotation 
speeds corresponding to various performance characteristics 
of a cleaning system; 

FIG. 5 shows an exemplary plot of brush performance 
changing with usage under various sets of parameters; and 

FIG. 6 shows a flowchart outlining an exemplary cleaning 
process. 

EMBODIMENTS 

FIG. 1 shows a schematic elevational view of an exemplary 
printing system according to the disclosure. The printing 
system 100 can include various components, such as a pho 
toreceptor device GG, a cleaning system EE, a charging sys 
tem. AA, an exposing system BB, a developing system CC, a 
transferring system DD, a fusing system FF, and the like, that 
Support creating desired images. These elements can be 
coupled as shown in FIG. 1. 
The photoreceptor device GG can be implemented inform 

of a photoreceptor belt with a coated layer of a photoconduc 
tive material. The photoreceptor device GG can move in a 
direction of arrow 13 to advance successively to other com 
ponents of the printing system 100. It should be noted that the 
photoreceptor device GG can be implemented in other forms, 
Such as a photoreceptor drum. 
The cleaning system EE can include an electrostatic brush. 

The electrostatic brush can be utilized to remove particles, 
Such as residue toner particles, from the Surface of the pho 
toreceptor device GG. The surface of the photoreceptor 
device GG can be required to be within a cleaning boundary 
after cleaning to ensure quality printing. Generally, the clean 
ing boundary can be defined as a number of remaining par 
ticles within a unit area. The cleaning system EE can be 
implemented according to the disclosure, such that the elec 
trostatic brush can have an extended usage life. During the 
extended usage life, the electrostatic brush can still perform 
satisfactorily to keep the surface of the photoreceptor device 
GG within the cleaning boundary. 
The charging system AA can prepare the Surface of pho 

toreceptor device GG with electrical charges for subsequent 
printing processes. More specifically, the charging system 
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AA can produce electric fields, such as corona, to charge the 
surface of the photoreceptor device GG to a substantial uni 
form potential. 
The exposing system BB can include a light emitting 

device. Such as a semiconductor laser device, to emit a light 5 
beam having an intensity corresponding to a color density of 
a desired image. The light beam can pass through an optical 
system, and scan the Surface of the photoreceptor device GG. 
Therefore, the electric potential of the photoreceptor device 
GG can be modified by the light beam to create an electro- 10 
static latent image. 
The developing system CC may include a plurality of 

developers, for example four developers K. Y. M., and C in 
FIG.1. A developer can bring a developing material. Such as 
toner particles, in contact with the electrostatic latent image 15 
on the surface of the photoreceptor device GG. The toner 
particles can be attracted to the surface of the photoreceptor 
device GG according to the electrostatic latent image to create 
a toner image. 
The transferring system DD can then transfer the toner 20 

image from the surface of the photoreceptor device GG to a 
Supporting sheet, such as a piece of paper. Further, the fusing 
system FF can permanently fuse the toner image on the Sup 
porting sheet. 

During operation, for example, the Surface of the photore- 25 
ceptor device GG can turn to the cleaning system BE. The 
cleaning system EE can remove residue toner particles from 
a previous printing. Then, the Surface of the photoreceptor 
device GG can move to the charging system AA. The charg 
ing system AA can charge the Surface of the photoreceptor 30 
device GG to a substantially uniform potential. Subsequently, 
the surface of the photoreceptor device GG can move to the 
exposing system BB. The exposing system BB can dissipate 
the charges on the surface of the photoreceptor device GG 
according to a desired image to produce an electrostatic latent 35 
image. 

Further, a developer of the developing system CC can 
apply toner particles to the Surface of the photoreceptor 
device GG. The toner particles can adhere to the surface of the 
photoreceptor device GG according to the electrostatic latent 40 
image, thereby create a toner image. The toner image can then 
be transferred to a Supporting sheet. However, Some toner 
particles may be left on the surface of the photoreceptor 
device GG after transferring the toner image. Thus, the sur 
face of the photoreceptor device GG can move to the cleaning 45 
system EE to have the surface cleaned to prepare for a next 
printing. 

FIG.2 shows a schematic of an exemplary cleaning system 
according to the disclosure. The cleaning system 200 can 
include a cleaning device 210, a monitor 220, and a controller 50 
230 coupled as shown in FIG. 2. The cleaning device 210 can 
further include a pre-clean charging station 235, a housing 
240, a Surface Scrubbing member, such as an electrostatic 
brush 245, mounted within the housing 240, an air blower 
260, and a biasing source 250. These elements can be coupled 55 
as shown in FIG. 2. 
The pre-clean charging station 235 can charge particles on 

the surface of the photoreceptor device GG to a predeter 
mined polarity, Such as a negative polarity. For example, the 
pre-clean charging station 235 may charge the particles with 60 
a negative pre-clean charging current. An amplitude of the 
pre-clean charging current can determine an electric potential 
of the charged particles. Subsequently, for example, the nega 
tive charged particles can be attracted and picked up by posi 
tively biased electrostatic brush via electric force. 65 

The electrostatic brush 245 can rotate within the housing 
240, and remove the particles on the surface of the photore 

4 
ceptor device GG. While rotating, fibers of the electrostatic 
brush 245 can scrub the surface of the photoreceptor device 
GG. Higher rotation speed may be desired for good cleaning. 
However, higher rotation speed may have other adverse 
effects. Such as increasing aging rate, generating defects, e.g., 
filming defects, and the like. 
The biasing source 250 can bias the electrostatic brush 245 

to a potential. Such as a positive potential. Therefore, the 
positive biased brush fibers may attract the negative charged 
particles on the surface of the photoreceptor device GG by an 
electric force, and remove the negative charged particles from 
the photoreceptor device GG. A high biasing Voltage may be 
desired for good cleaning. 

However, the high biasing Voltage may have other adverse 
effects. For example, the high biasing Voltage can make a 
detoning process harder. The detoning process can refer to a 
process to remove the attracted particles from the electrostatic 
brush 245. Further, the high biasing voltage may increase 
re-deposition tendency. Re-deposition can refer to a phenom 
enon of particles returning from the electrostatic brush to the 
surface of the photoreceptor device GG. The high biasing 
Voltage may create oppositely charged toner particles as a 
result of charge exchange of the toner particles with the 
electrostatic brush 245. The oppositely charged toner par 
ticles can have a tendency to re-deposit on the Surface of the 
photoreceptor device GG. The re-deposition phenomenon 
can be a problem for a new electrostatic brush 245. In addi 
tion, the high biasing Voltage may induce a large leakage 
current. For example, when the biasing Voltage is larger than 
a threshold Voltage, the leakage current can increase dramati 
cally. The large leakage current may cause a power supply 
failure. In Summary, various factors may need to be consid 
ered to determine an optimum biasing Voltage. 
The air blower 206 can direct an air stream, which can 

separate the attracted particles from the electrostatic brush 
245, and flow the separated particles out of the housing 240. 
As can be seen, the rotating electrostatic brush 245 can bring 
attracted particles to an adjacent of an air path entry 265. At 
the entrance of the air path, a flicker bar 262 can remove or 
reduce charges on the particles to reduce an attraction force. 
In an embodiment, the flicker bar 262 may also dislodge the 
particles by mechanical forces. Further, an air stream force 
generated by the air blower 206 can separate the particles 
from the electrostatic brush 245. The separated particles may 
follow the air stream, and then can be collected by the air 
blower 260. 

Additionally, a second biasing source 270 as shown in FIG. 
2, can be used. For example, the second biasing source 270 
can be a negative biasing source, which can repel the particles 
from the electrostatic brush 245. It should be understood that 
the biasing sources 250 and 270 can be AC biasing sources 
instead of DC biasing Sources. 

During operation, for example, the residue toner particles 
on the surface of the photoreceptor device GG can be charged 
by the pre-clean charging station 235 in order to enable a 
strong attraction of the charged particles to the electrostatic 
brush 245. For example, the residue toner particles can be 
negative charged by a negative charging current, while the 
electrostatic brush 245 can be biased positively. When the 
positive biased brush fibers scrub the surface of the photore 
ceptor device GG, the negative charged residue toner particles 
can be attracted to the brush fibers and picked up by the brush 
fibers. Subsequently, when the electrostatic brush 245 turned 
to the air path 265, the flick bar 262 can remove or reduce the 
charges on the particles. Further, the air stream created by the 
air blower 260 can separate the particles from the electrostatic 



US 8,036,561 B2 
5 

brush 245. The particles can follow the air stream, and then be 
collected by the air blower 206. 

Generally, a performance of the cleaning device 210 can 
depend on various parameters, such as a pre-clean charging 
current, a rotation speed, a biasing Voltage, and the like. In 
addition, a performance characteristic of the cleaning device 
210, such as a usage age of the electrostatic brush 245, a 
humidity of the environment, and the like, may also affect the 
performance. 

According to the disclosure, the monitor 220 of the clean 
ing system 200 can monitor the performance characteristic of 
the cleaning device 210. In an embodiment, the monitor 220 
may include a counter (not shown), the counter can count a 
number of pages have been printed since a replacement of the 
electrostatic brush 245. The number of pages can be used as a 
measure of the usage age for the electrostatic brush 245. In 
another embodiment, the monitor 220 may include a psy 
chrometer (not shown) or a hygrometer (not shown) that can 
measure the humidity. Further, the monitor 220 can provide 
the monitored performance characteristic to the controller 
230. 
The controller 230 can receive the monitored performance 

characteristic, and determine a set of parameters for the clean 
ing device 210. The set of parameters can be used to control 
the cleaning device 210 to keep a satisfactory performance 
under the monitored performance characteristic. Therefore, 
the surface of the photoreceptor device GG after clean can be 
within the cleaning boundary. For example, when the elec 
trostatic cleaning device 210 gets older, the performance of 
the cleaning device 210 may degrade. The controller 230 can 
adjust the set of parameters based on the usage age of the 
electrostatic brush 245 to compensate for the degradation due 
to the acing effect. 

It should be understood that the controller 230 can be 
implemented as hardware, Software, or a combination of 
hardware and software. In an embodiment, the controller 230 
can be implemented as Software algorithms stored in a 
memory, then a CPU can execute the software algorithms, 
and perform the above described functions. 
As can be seen from the above description, the perfor 

mance of the cleaning device 210 can be improved by adjust 
ing the parameters, such as the pre-clean charging current, the 
biasing Voltage, the rotation speed, and the like, to compen 
sate for a degradation due to the performance characteristic of 
the cleaning device 210. More complexly, various other fac 
tors, such as the re-deposition phenomenon, the cleaning 
defects, the leakage current, the detoning process, and the 
like, may also need to be considered to determine the opti 
mum parameters for controlling the cleaning device 210. 

FIG. 3 shows an exemplary plot of an optimum biasing 
Voltage for a cleaning device tracked for various performance 
characteristics. The various performance characteristics can 
include a usage age of the cleaning device and a humidity of 
an environment. In FIG. 3, the usage age of the cleaning 
device can be tracked by X axis, the humidity can be tracked 
by various markers. More specifically, a low humidity, Such 
as dry and cold, can be tracked by diamond markers; a 
medium humidity can be tracked by Square markers; and a 
high humidity, such as warm and wet, can be tracked by 
triangle markers. Additionally, cross markers can be used to 
show an algorithm that determines the optimum biasing Volt 
age for combined humidity categories. 
As can be seen, when the cleaning device gets older, the 

optimum biasing Voltage to keep a satisfactory cleaning per 
formance can increase. Moreover, when the environment 
humidity decreases, the optimum biasing Voltage to keep the 
satisfactory cleaning performance can also increase. 
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6 
Various other factors can be considered in algorithms to 

determine the optimum biasing Voltage. For example, a clean 
ing process may produce defects, such as filming, defects, on 
the surface of the photoreceptor device GG. A high biasing 
Voltage can be good for reducing the filming defects. For 
another example, the biasing Voltage may also affect the 
detoning process. A high biasing Voltage can make it harder 
for the detoning process. 

Another adverse factor to the high biasing Voltage can be 
re-deposition phenomenon. The high biasing Voltage can 
increase a re-deposition tendency. The re-deposition phe 
nomenon can be a problem when the electrostatic brush 245 
is new, and/or the humidity is high. Further, the high biasing 
Voltage can increase a leakage current, which may cause a 
power Supply failure. Therefore, various factors may need to 
be taken into account to determine the optimum biasing Volt 
age. In an exemplary algorithm, when the electrostatic brush 
is new, the optimum biasing Voltage can be set lower to avoid 
re-deposition. When the electrostatic brush is old, the opti 
mum biasing Voltage can be increased to improve the clean 
ing performance, therefore, a usage life of the electrostatic 
brush can be extended. Additionally, the exemplary algorithm 
may keep the optimum biasing Voltage under a threshold 
Voltage. Such as 600V. to avoid a Substantial leakage current. 

FIG. 4 shows an exemplary plot of an optimum rotation 
speed for a cleaning device tracked for various performance 
characteristics. The various performance characteristics can 
include a usage age of the cleaning device and a humidity of 
the environment. In FIG. 4, the usage age of the cleaning 
device can be tracked by X axis, and the humidity can be 
tracked by various markers. More specifically, a low humid 
ity, Such as dry and cold, can be tracked by diamond markers; 
a medium humidity can be tracked by square markers; and a 
high humidity, such as warm and wet, can be tracked by 
triangle markers. Additionally, cross markers can be used to 
show an algorithm that determines the optimum rotation 
speed for combined humidity categories. 
As can be seen, when the cleaning device gets older, the 

optimum rotation speed to keep the satisfactory cleaning 
performance can increase. Moreover, when the environment 
humidity decreases, the optimum rotation speed to keep the 
satisfactory cleaning performance can also increase. 

Various other factors can be considered in the algorithm to 
determine the optimum rotation speed. For example, a high 
rotation speed may make an electrostatic brush 245 age faster. 
Further, the high rotation speed may generate more defects, 
Such as filming defects. In an embodiment, a strategy can be 
implemented in an algorithm to determine the optimum rota 
tion speed. The strategy can increase the optimum rotation 
speed to maintain a constant fiber strikes as the electrostatic 
brush 245 shrinks. However, the strategy may avoid exceed 
ing a threshold rotation speed, such as 250 round per minute 
(rpm), before a threshold usage life of the electrostatic brush 
245, such as 1,500 kilo-page (kp). 
As described above, the parameters for controlling the 

performance of the cleaning device 210 can include the pre 
clean charging current. Generally, a low pre-clean charging 
current can be desired for cleaning as long as the toner par 
ticles can be charged with a same polarity. However, oppo 
sitely charged toner particles can appear as a result of charge 
exchange between the electrostatic brush and the toner par 
ticles. The oppositely charged toner particles can re-deposit 
on the surface of the photoreceptor device GG. The re-depo 
sition can be a problem for a new electrostatic brush 245. 
Further, the re-deposition can be worse when the humidity is 
high. 
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The re-deposition can be alleviated by a high pre-clean 
charging current. In an embodiment, a strategy can be imple 
mented in an algorithm to determine an optimum pre-clean 
charging current. The strategy can adjust the pre-clean charg 
ing current to a higher level for a new electrostatic brush 245, 
or a high humidity environment. Alternatively, the strategy 
can also adjust the biasing Voltage as described above to 
alleviate the re-deposition for the new electrostatic brush 245. 

FIG.5 shows an exemplary plot of a performance changing 
with a usage under various sets of parameters for an electro 
static brush. In FIG. 5, X axis can track a usage of the elec 
trostatic brush, and Y axis can be a measure of performance of 
the electrostatic brush. For example, the Y axis can be a 
number of residue particles per unit area after clean. For 
another example, the Y axis can be a failure percentage, which 
is a percentage ratio of the number of residue particles after 
clean to a threshold number of residue particles correspond 
ing to a performance failure. 
As can be seen, four sets of parameters can be tracked in 

FIG. 5 by various markers. More specifically, dark diamond 
markers can track a set of a low biasing Voltage and a low 
rotation speed; light diamond markers can track a set of a low 
biasing Voltage and a high rotation speed; dark Square mark 
ers can track a set of a high biasing Voltage and a low rotation 
speed; and light square markers can track a set of a high 
biasing Voltage and a high rotation speed. 
As can be seen, when the usage of the electrostatic brush 

245 gets larger, which means the electrostatic brush 245 is 
older, a larger number of particles can be left on the surface of 
the photoreceptor device GG. The performance of the elec 
trostatic brush 245 can degrade. Further, among the four sets 
of parameters, the set of the high biasing voltage and the high 
rotation speed can control the cleaning device 210 to have a 
best performance, especially when the electrostatic brush 245 
gets older. Therefore, adjusting the biasing Voltage and the 
rotation speed may extend the electrostatic brush usage life. 
As shown in FIG. 5, for example, if A denotes a threshold for 
performance failure, B-E can denote the usage life of the 
electrostatic brush 245 for various sets of parameters. As can 
be seen, increasing the biasing Voltage and the rotation speed 
can result in a longer usage life. 

FIG. 6 shows a flowchart outlining an exemplary cleaning 
process according to the disclosure. The cleaning process 600 
starts at step S610, and proceeds to step S620. In step S620, 
the monitor 220 may monitor a performance characteristic of 
the cleaning device 210. For example, the monitor 220 may 
count a number of pages has been printed since a replacement 
of the electrostatic brush 245. For another example, the moni 
tor 220 may measure a humidity of the environment. Further, 
the monitor 220 may inform the controller 230 of the perfor 
mance characteristic. The process then proceeds to step S630. 

In step S630, the controller 230 can determine a set of 
parameters, such as biasing Voltage, pre-clean charging cur 
rent, rotation speed, and the like. The set of parameters can be 
determined based on the performance characteristic of the 
clean device. In addition, other factors, such as detoning, 
filming, leakage, can be considered as well. Then the process 
proceeds to step S640. 

In step S640, the set of parameters can be used to control 
the cleaning device 210. For example, when the electrostatic 
brush 245 gets older, the biasing voltage and the rotation 
speed can be increased to improve a cleaning performance of 
the cleaning device 210. Therefore, a usage life of the elec 
trostatic brush 245 can be extended. The process then pro 
ceeds to step S650 and terminate. 

It will be appreciated that various of the above-disclosed 
and other features and functions, or alternatives thereof, may 
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8 
be desirably combined into many other various systems or 
applications. Also, various presently unforeseen or unantici 
pated alternatives, modifications, variations or improvements 
therein may be subsequently made by those skilled in the art, 
and are also intended to be encompassed by the following 
claims. 

What is claimed is: 
1. A method for cleaning, comprising: 
obtaining a performance characteristic of an electrostatic 

brush that degrades operations of the electrostatic brush; 
determining at least one parameter that compensates for 

the degradation, the at least one parameter including a 
biasing Voltage; and 

controlling the electrostatic brush by the at least one 
parameter to maintain the electrostatic brush operating 
within a failure boundary, wherein 
the biasing Voltage is controlled such that it does not 

exceed a threshold biasing Voltage to avoid a substan 
tial leakage current, and 

the at least one parameter further includes at least one of 
a rotation speed and a pre-clean charging current. 

2. The method according to claim 1, wherein obtaining the 
performance characteristic of the electrostatic brush further 
comprises: 

monitoring a humidity of an environment. 
3. The method according to claim 1, wherein obtaining the 

performance characteristic of the electrostatic brush further 
comprises: 

monitoring a usage life of the electrostatic brush. 
4. The method according to claim 3, wherein monitoring 

the usage life of the electrostatic brush, further comprises: 
counting a number of pages being printed. 
5. The method according to claim 1, wherein controlling 

the electrostatic brush by the at least one parameter further 
comprises: 

keeping a Substantially constant number of fiber Strikes as 
the electrostatic brush shrinks by increasing the rotation 
speed. 

6. The method according to claim 1, wherein controlling 
the electrostatic brush by the at least one parameter further 
comprises: 

increasing the pre-clean charging current for a high humid 
ity. 

7. The method according to claim 1, wherein controlling 
the electrostatic brush by the at least one parameter further 
comprises: 

decreasing the biasing Voltage for a high humidity. 
8. The method according to claim 1, wherein controlling 

the electrostatic brush by the at least one parameter further 
comprises: 

increasing the biasing Voltage for an old electrostatic 
brush. 

9. An apparatus for cleaning, comprising: 
an electrostatic brush configured to remove toner particles 

from a Surface of a photoreceptor, 
a performance characteristic monitor configured to moni 

tor a performance characteristic of the electrostatic 
brush that degrades operations of the electrostatic brush; 
and 

a controller coupled to the electrostatic brush and the per 
formance characteristic monitor, the controller being 
configured to modify at least one parameter of the elec 
trostatic brush according to the monitored performance 
characteristic to maintain the electrostatic brush operat 
ing within a failure boundary, wherein 
the at least one parameter includes a biasing Voltage, 
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the biasing Voltage is controlled such that it does not 
exceed a threshold biasing Voltage to avoida Substan 
tial leakage current, and 

the at least one parameter further includes at least one of 
a rotation speed and a pre-clean charging current. 

10. The apparatus according to claim 9, wherein the per 
formance characteristic monitor further comprises: 

a hygrometer configured to measure a humidity of an envi 
rOnment. 

11. The apparatus according to claim 9, wherein the per 
formance characteristic monitor further comprises: 

an element configured to monitor a usage life of the elec 
trostatic brush. 

12. The apparatus according to claim 11, wherein the ele 
ment configured to monitor the usage life of the electrostatic 
brush, further comprises: 

a counter configured to count a number of pages being 
printed. 

13. The apparatus according to claim 9, wherein the con 
troller is further configured to keep a Substantially constant 
number of fiber strikes as the electrostatic brush shrinks by 
increasing the rotation speed. 

14. The apparatus according to claim 9, wherein the con 
troller is further configured to increase the pre-clean charging 
current for a high humidity. 

15. The apparatus according to claim 9, wherein the con 
troller is further configured to decrease the biasing voltage for 
a high humidity. 

16. The apparatus according to claim 9, wherein the con 
troller is further configured to increase the biasing voltage for 
an old electrostatic brush. 
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17. A non-transitory computer readable medium, wherein 

the non-transitory computer readable medium stores program 
instructions for configuring the controller of the apparatus 
according to claim 9. 

18. A printing system, comprising: 
a photoreceptor configured to support toner particles to 

create a toner image on a surface of the photoreceptor; 
an electrostatic brush configured to remove residue toner 

particles from the surface of the photoreceptor; 
a performance characteristic monitor configured to moni 

tor a performance characteristic of the electrostatic 
brush that degrades operations of the electrostatic brush; 
and 

a controller coupled to the electrostatic brush and the per 
formance characteristic monitor, the controller being 
configured to modify at least one parameter of the elec 
trostatic brush according to the monitored performance 
characteristic to maintain the electrostatic brush work 
ing within a failure boundary, wherein 
the at least one parameter includes a biasing Voltage, 
the biasing Voltage is controlled such that it does not 

exceed a threshold biasing Voltage to avoid a substan 
tial leakage current, and 

the at least one parameter further includes at least one of 
a rotation speed and a pre-clean charging current. 

19. The method according to claim 1, wherein controlling 
the electrostatic brush by the at least one parameter further 
comprises: 

decreasing the biasing Voltage for a new electrostatic 
brush. 

20. The apparatus according to claim 9, wherein the con 
troller is further configured to decrease the biasing voltage for 
a new electrostatic brush. 
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